Introduction
The oil palm (Elaeis guineensis) is a very important commercial crop in Malaysia. It was introduced from Africa and was first planted in Peninsular Malaysia in 1917 (Thompson, 1931) . The crop has adapted extremely well to the local environment and has contributed significantly to the country's economy. Currently, Malaysia is the world's leading producer of palm oil. However, the crop is susceptible to basal stem rot (BSR), a serious disease, characterized by an internal dry rotting of the trunk tissues, particularly at the junction of the bole and trunk of the palm. In advanced cases, the palms break at the basal portion of the trunk and fall over, hence the name of the disease. The causal pathogen is Ganoderma boninense (Steyaert, 1976; Ho and Nawawi, 1985; Khairudin, 1990) , a fungus whose bracket-like fruiting body (technically referred to as sporophores, basidioma, basidiocarps or sporocarps) is usually observed at the trunk bases of infected palms. BSR is currently the most serious disease of oil palm in South-East Asia, with reports showing that it is also starting to be of significance in Papua New Guinea, Thailand and the Solomon Islands (Flood et al., 1998) . One of the usually observed signs of disease inception is general foliar yellowing, the presence of several unopened shoots, often referred to as multiple spear formation, and collapse of the older fronds so that they hang down around the trunk.
Before the introduction of oil palms, Malaysia (then known as Malaya) had traditionally grown coconuts (Cocos nucifera) as a source of edible oil. Due to market demands, many growers started to replace coconuts with oil palms. Whenever possible, the oil palms were planted on former coconut plantations, as to have made new jungle clearings would have been very costly. Thus, 'underplanting' was carried out, a practice whereby the oil-palm seedlings were planted under existing coconut palms, until such a time when the coconut palms were poisoned and felled.
Underplanting seemed to provide a continuous source of income, but the practice could be a pathological hazard if the relationship between disease development of oil palms planted on ex-coconut lands holds true. Coconut stumps and logs have often been observed to support abundant Ganoderma fruiting bodies, leading to the opinion that they were the source of Ganoderma inoculum that later caused infections on oil palms (Navaratnam, 1964; Turner, 1965a, b) . Based on field observations, both authors surmised that the point of entry of the pathogen was through roots, and that disease spread was by contact of infected plant debris with healthy oil-palm roots. In a molecular-based study of Ganoderma from plantations in Malaysia, Miller (1995) did not support root-to-root contact as the mode of disease spread -he hypothesized that disease spread by spores, or via roots, from previous crop residues was more likely. The possible role of basidiospores in disease spread was further supported by Sanderson and Pilotti (1998) , based on developments of the disease in Papua New Guinea.
The current study focused on the development of BSR of oil palms planted on an old coconut plantation. Crop mappings were done at three time intervals over a 30-month period, which allowed disease development to be viewed spatially as well as sequentially. Disease progression of the first few infected palms was studied until the palms succumbed to the disease. In addition, vegetative compatibility of a reference isolate of Ganoderma from a selected coconut stump with other Ganoderma isolates, collected from other stumps within its immediate vicinity, and from an oil palm was studied. The hypothesis employed here is that if anastomosis, or the mycelial mergence between two isolates, took place, then the isolates must have come from a common inoculum. If this was detected between a reference isolate with others that came from two or more sources, then the disease could have spread by mycelial fragmentation, implying root-to-root contact.
Background and Cropping Practice of the Sampling Site
The oil-palm smallholding within which the sampling block was selected was located in Morib, in the district of Banting, Selangor, on the west coast of Peninsular Malaysia. The site is about 5 km from the coastline. Pertinent information of the site was based on personal communications with the owner.
The sampling block was situated in a larger existing coconut estate at the time the first survey (SI) was conducted, but by the final survey (SIV), all of the estate land had been converted to oil palm. The coconuts surrounding the block were of the local Malaysian Tall variety. The sampling site consisted of a 1983 planting, which was free from BSR prior to the survey. The first sighting of one infected oil palm was at SI, by which time all palms in the block were approximately 13 years of age. When the oil palm stand was first planted, all the seedlings were placed in-between then-existing tall coconut palms, a traditional practice that allowed growers to harvest coconuts before the oil palms start to bear fruits. The practice had an added advantage in that it provided shade from the strong heat of the sun. The grower did not see anything amiss with this planting technique and the procedure has been is standard practice.
The coconut palms were later poisoned; a few were cut down to facilitate the infrastructure, but practically all others were left in situ. Over the years many of the poisoned trunks have fallen, breaking in the middle or at the basal part of the trunk, while a few were totally uprooted. Fallen trunks and cut oil-palm fronds were stacked in-between rows of oil palms, most of which had degraded by the time SI was conducted. However, cut stumps and stumps left after the trunks had broken and fallen were still intact, and these were the subject of interest in this study.
Surveys and Crop Mappings
Four surveys, referred to as SI, SII, SIII and SIV, were carried out on the sampling block. SI was conducted in May 1996, but a crop map was not produced. SII, SIII and SIV were carried out in November 1996, November 1997 and November 1998, making the survey time intervals as 0, 6, 18 and 30 months, respectively. At each of the latter surveys, the disease status of palms within the block was recorded and a crop map made. A palm was recorded as 'infected' if it had Ganoderma sporophores on any part of the trunk, regardless of whether disease signs were present or otherwise.
The sampling block consisted of 110 palms, which was conveniently bordered by large drains on its lateral sides and a drain and fence at the entrance. Each individual palm was identified by a code number for mapping purposes. Eleven palms in a row were alphabetically coded from A to K. This was followed by a further 10 palms per each row; so that any single palm would be coded by a letter of the alphabet followed by a digit, e.g. A1 to A10 for all palms in row 'A' (Fig. 14.1 ). The prefix 'EG' was used to describe a palm or Ganoderma isolate collected from an oil palm at the coded location and 'CN' was likewise used for coconut stumps or isolates collected from them.
Four categories of palms were identified and coded accordingly on the map. These were, newly infected (NI), for palms that were observed as infected for the first time at each survey point; and (I), for palms that still showed symptoms of infection but whose status had been recorded at an earlier survey. Infected and fallen palms at the time of survey were recorded as (FP), and newly planted seedlings as (NP). New plantings or replants also indicated points where palms had fallen due to BSR but which had been replaced with young replants (personal communication by the owner). This study thus regards the status of NP as 'formerly infected' palms and they were thus included as data in the calculation of percentage of infected palms at each survey point where they were first detected, but not thereafter. Palms under the status NP were mostly planted in the very hole where the diseased oil palm once stood.
Crop Status and Distribution of Ganoderma

Crop status at SI, May 1996
A total of 4-6 coconut stumps within the sampling block were found to harbour 1-5 Ganoderma sporophores per stump. This represented a conservative estimate of 6% of all coconut stumps as those supporting Ganoderma sporophores.
Only one oil palm, EG/F5, was observed to have had Ganoderma fruit bodies on its trunk base. This represented 0.9% incidence on oil palms within the sampling block. Despite the emergent sporophores at its base, palm EG/F5 did not show any foliar yellowing nor multiple spear formations, appearing no different from its healthy neighbours. No crop map was made at SI.
Crop status at SII, 6 months after SI
The number of stumps bearing Ganoderma had increased to 18 and appeared to be located within a noticeable 'clump' between rows A to E. The 18 stumps recorded to have had Ganoderma fruit bodies at SII were CN/A3, -A5, -B2, -B3, -B4, -B5, -B6, -C1, -C2, -C4, -C5, -D1, -D2, -D4, -E1, -E3, -H2 and -H3 ( Fig.  14.1 ). The number of oil palms with Ganoderma fruit bodies on their trunk bases had increased to four, representing 3.6% of infected palms in the block. The palms were EG/F5, -I4, -J4 and -B6. Palm EG/F5 was an old infection (I) but the latter three were new cases (NI). These four were accorded a 'pioneer status' for diseased palms, whose disease progression over time was monitored. All four palms did not show any sign of disease inception; there was no 'multiple spear' formation, nor collapsed fronds and the leaves were of a normal, healthy shade of green. Fruit-bunch production of these particular four palms was optimal and the owner was not aware of any pathological problems.
Crop status at SIII, 18 months after SI
Many of the stumps recorded earlier as having Ganoderma fruit bodies were almost totally degraded. Of the few still present, only two were observed to support Ganoderma sporophores. These were CN/D3 and CN/E4.
The number of newly infected oil palms was 23, which represented ca. 20% of infected palms in the sampling block at SIII (Fig. 14.2 ). Of these, EG/F5 and EG/B6 of the pioneer palms were still standing (status 'I'), but EG/I4 and EG/J4 were already found as new plantings (NP). There was an assortment of status for the remaining infected oil palms. Ten were NI and five were FP whose NI status were not observed at SII. The remaining palms were new plantings (NP) and palms showing symptoms. The replants were made due to palms that had fallen after SII but prior to SIII. During this survey, almost all of the infected palms displayed various degrees of the typical signs and symptoms associated with basal stem rot, including the two 'pioneer palms' that were still alive. Besides having Ganoderma fruit bodies, infected palms showed multiple spear formation, thinning of the crown and exhibited various degrees of leaf necrosis; some of the palms showed 'frond collapse', where the outermost leaves hung down and enveloped the trunk. Palms thus affected were still producing fruits, although fruit-bunch production was poor (personal communication by the owner).
Crop status at SIV, 30 months after SI
The majority of coconut stumps in the sampling block had totally degraded ( Fig. 14.3 ). Of the handful still present, stump CN/J5 was the only one that still had Ganoderma sporophores on it. The total number of oil palms with some symptoms of BSR was 37, which was 33% of the sampling block. Out of this number, 9 were cases of FP and 11 were NP. The remaining 17 were cases of NI; including that of a new replant. Palm EG/B3, estimated to be about 3.5 years in age, had three sporophores at its base. The replant showed slight leaf chlorosis on the two lowermost fronds but all other associated signs were not prevalent. Its trunk was hardly discernible because of its young age and sporophores that emerged appeared 'squeezed' out from the soil, but were definitely coming from the trunk tissues.
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F. Abdullah   Fig. 14.3 . Spatial mapping of the sampling site at SIV, showing 33% infected oil palms. q, healthy oil palm; r, infected oil palm; s, coconut stump with sporophores; g, fallen palm; #, new planting; v, newly infected palm; x, newly infected replant.
Disease Development of the First Few Infected Palms
The progression of disease development in all four 'pioneer' infections at SI up to SIV (Table 14 .1) indicated that these palms were observed as 'nearsymptomless' at the start, but the longest such a condition lasted was between 12 and 18 months. This was based on palms EG/I4 and J4, which fell within 12 months after their first symptoms were detected. However, the earliest of all the first few infected palms (EG/F5) fell any time between 19 and 30 months, for it was still recorded as an old infection (I) at SIII. All four were already replaced by NP, at SIV (Table 14 .1).
Mycelial Isolations and Vegetative Compatibility Studies
Samples for compatibility studies were collected at SII where stump CN/B5 was selected as the reference point. One sporophore each was collected from here as well as from its immediate neighbours, and were brought back to the laboratory for mycelial isolations. For each sporophore, pieces of tissues about 0.5 cm 3 in size were cut out from the innermost or context layer of the fruit body. These were then surface sterilized in 5% sodium hypochlorite for 2-3 minutes and then transferred under aseptic conditions on to malt agar to obtain pure mycelial cultures. A 3 mm diameter agar disc of CN/B5 mycelia was cut out with a flamed cork borer and plated at one end of a culture dish. This culture was paired with similar-sized agar disc cultures of isolates from its neighbouring sources. Duplicate plates for each combination were prepared. As the cultures grew, they were observed for anastomosis, or the mergence of mycelia from two opposing directions. Anastomosis would indicate vegetative compatibility between the paired isolates. Where cultures did not merge but formed a zone or line of demarcation, the paired isolates were considered as vegetatively incompatible. Isolate CN/B5 was thus plated against isolates CN/B4, CN/B6, CN/A5 and CN/C4, which were its immediate neighbours to the south, north, west and east, respectively (Fig. 14.1) . Each of the five cultures collected from stumps were also plated against isolate EG/B6, a relatively isolated infected oil palm situated in the midst of 'a clump' of stumps with sporophores at SII. Vegetative incompatibility was demonstrated in all instances of binary pairing. Isolate CN/B5 was incompatible with each of its representative neighbours on stumps CN/B4, CN/B6, CN/C4 and CN/A3. Each of the cultures above were also incompatible with EG/B6.
Other Field Notes
The initial emergence of sporophores on newly infected cases was found to be in an east-west orientation on the palm bases. The fruit bodies emerged from ground level up to an approximate height of 2½ ft (76 cm), but did not exceed 4 ft (122 cm).
None of the standing Malaysian Tall variety of coconut palms outside the sampling block at SI indicated the presence of G. boninense (with its typically reddish-brown and highly lacquered fruiting bodies). Instead, there were fruiting bodies on some stumps, but not on big palms, and these were of the non-laccate variety, which belonged to the Ganoderma cf. applanatum/australe complex. Stumps within the sampling site were also observed to have had the non-laccate fruiting bodies initially, but these disappeared when the laccate G. boninense assumed prominence. However, there was one case of an oil-palm replant (approximately 5 years old) outside the sampling block that had a non-laccate Ganoderma sporophore on its trunk, in addition to several laccate ones.
Discussion
Source of Ganoderma
This survey found coconut stumps to be the most likely source of G. boninense in the sampling site. Initially, Ganoderma sporophores were prominent on stumps but were initially absent on oil palms. The presence of non-laccate Ganoderma sporophores were found to precede those of G. boninense on stumps, both from within and outside the sampling blocks. However, it is not known whether their presence plays any role in the establishment of G. boninense.
While the Ganoderma population decreased on stumps, its presence on oil palms increased considerably. From a mere 0.9% incidence initially, it reached 3.6% at SII, at a time when the Ganoderma population was at its highest on coconut stumps. However, the presence of Ganoderma on oil palms escalated to 20% at SIII, corresponding with its population decline on stumps. By SIV, oil palms with BSR had reached 33%, representing a significant increase over 30 months. A study carried out by F. Abdullah (unpublished) showed that Ganoderma isolates from coconut stumps were also able to infect oil palms, based on artificial infection of oil-palm seedlings.
Development of disease signs and symptoms
The first few infected palms did not show signs of disease inception but this did not last long as they were recorded as fallen palms within 12 months. This duration is considered very rapid, given the experience that infected palms in several plantations, particularly in inland areas, may still be producing fruits for many more years despite having fruit bodies at their bases. The overall rate of fall of palms was also rapid. Rather than draw conclusions on the possible aggressive nature of the pathogen in the block, this study proposed two possible causes that may have aggravated the situation. First, it could be that the site, in close proximity to the coast, may have been subject to the strong coastal winds, resulting in the palms falling over as soon as the trunks became weakened. The second possibility is that of stress caused by climatic conditions. The year 1997 was an eventful one, where Malaysia was subjected to serious climatic changes as a result of El Niño, including extremely high daily temperatures and 'the haze' produced as a result of forest burning. All these factors may have caused added stress to the palms. As a result, the palms succumbed to the disease at a particularly high rate.
Considerations of the possible mode of spread
The incidence of BSR varies between regions in Malaysia. Disease incidence may be high in oil palms planted on old coconut in some areas, but not others (Turner, 1965a) . It is not known whether physical factors such as soil types, rainfall or fertilizer application play a role in aggravating the disease; or alternatively, that particularly aggressive variants of species of Ganoderma may be present in the population. There are three possible ways by which the fungal pathogen can be directly spread to the host: namely, by root-to-root contact, via airborne spores and finally, from independent secondary inocula in the soil. Singh (1991) reported that infected palms appeared in groups and then formed several foci of infection in long-standing cases. He concluded that the mode of spread was by root-to-root contact. Flood et al. (1998) described a similar incidence where a clumping effect was evident in oil-palm blocks with relatively few infected palms, but this trend disappeared when larger numbers of infected palms occurred in the blocks. From the viewpoint of disease spread, a clumping of infected palms would theoretically suggest a common origin from a single inoculum, thus stating a case for root-to-root contact. However, in this study, the first four palms that were infected (pioneer palms) were relatively far from each other as well as from the clump of stumps where the Ganoderma population was concentrated. Furthermore, vegetative incompatibility of isolates collected from coconut stumps and an infected oil palm would not support root-to-root infection, although the incompatibility was also demonstrated amongst a large number of isolates collected from a single palm, making this method a less reliable basis for assessing root-to-root infection (Abdullah, unpublished data) than molecular techniques.
Root-to-root contact
Spread by spores From his observations, it seemed evident to Thompson (1931) that in typical cases of stem rot, the disease was caused by spores that entered the stem through some of the old leaf bases which have been rotted away, or through wounds from leaf bases, as in leaf pruning during harvesting. He proposed that infection through wounds would allow a quicker stem penetration, besides having had a shorter distance to travel, compared to the distance if it was a root entry. However, attempts at establishing pathogenicity of the crop based on trials using spores alone were not successful.
In this study, it was observed that practically all infected cases had sporophores at the bases and no more than 2-4 ft (76-233 cm) up the trunk. If there is a random dispersal by airborne spores, then some palms should show Ganoderma fruiting bodies at other heights of the palm as well. In a study of the occurrence of upper-stem rot of oil palms in Sabah (Abdullah et al., 1999) Ganoderma sporophores were observed very close to the crowns of old palms, some 25-30 ft (7.6-9.1 m) above ground level, although their presence there was believed to be secondary. Only airborne spores could have been responsible. Thus, the fact that all Ganoderma fruit bodies were confined to not more than 4 ft (122 cm) from the base of the oil palms in the sampling site, does not suggest random dispersal by airborne spores.
Spread from secondary inocula Spatial mapping by Miller (1995) of two blocks of oil-palm stands, followed by molecular and compatibility studies, showed no evidence for root-to-root contact, except where two adjacent palms contained the same 'individual', as determined by molecular analyses. He proposed that spread could be by spores or from separate inocula from previous plantings.
In the case of the diseased replant in this sampling site, it is obvious that the mode of spread was by infection from secondary inocula left by the previous infected palm. This is an interesting phenomenon in that it allowed one to estimate the time at which the pathogen first entered the palm tissues to the eventual emergence of sporophores: approximately 12 months in this incidence. However, this is an isolated case, rather than the typical infection. For the rest of the infected palms which had been standing for at least 13 years, the source of infection would appear to be from independent secondary inocula, although it is difficult to suggest the source of secondary inocula, given that the previous planting consisted of only coconuts and that no G. boninense sporophores were ever observed on the standing crop. Coconut palms are not known to be infected by Ganoderma in Malaysia (apart from the single and last report in 1934 by Tempany; as cited in Navaratnam, 1961) , but reports from India (Bhaskaran and Ramanathan, 1984; Bhaskaran et al., 1998) and Sri Lanka (Peries, 1974) indicate that coconut palms are badly infected by Ganoderma in these countries. One explanation is that the Malaysian coconuts respond to Ganoderma infection in a different manner. It can be speculated that the Malaysian Tall variety of coconuts is probably infected as well, but these are not debilitated in any way by the fungus. The coconut palms may carry the inocula as an endophyte with no production of sporophores. When the coconut palm dies a large amount of inoculum is made available. Much later, this fungus infects oil palms in a similar manner to coconut palms but unlike the coconuts, oil palms succumb easily to the disease. Swinburne et al. (1998) reported that a significant number of living coconuts were found to contain Ganoderma, thus further strengthening the case for the above hypothesis.
Conclusion
The incidence of basal stem rot varies between regions in Malaysia. There seemed to be a correlation of disease severity with former croppings, particularly old coconut plantations. This study examined one such model. Based on spatial distribution, vegetative incompatibility studies and the rapid death of infected palms, this study does not support root-to-root contact as a mode of disease spread, nor lend support to disease spread by airborne spores alighting on crevices of cut leaf fronds. The study favours disease spread from independent secondary inocula such as residues from the previous crop (i.e. coconut), and the possibility of the fungus existing in the living coconuts as an endophyte is suggested.
